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An individual's information processing capability is a

function of many variables - stimulus frequency, redundancy,
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stimulus clarity and practice, This thesis examines the
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efrfect of varying stimulus presentation rate; 1) from a low

rate through a high rate and back to a low rate again and,
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2) from a high rate through a low rate and back again to the

i

high rate. The four randomly presented visual stimuli were
equally probable,

Performance, expressed as the rate of information trans-
mission was observed (for twenty-three participants) in the
key-pressing task on the RATER (Response Analysis Tester).
By limiting the subject to only one response per stimulus,
the number of correct responses was the rate of information

transmitted. The results confirmed the hypotheses, i.e., the
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formation presentation (p'<,OOl). The average information
transmitted in the increasing presentation rate was signifi-
cantly higher than in the decreasing presentation rates, ir-

respective of the sequence of presentation (Low High Low or

High Low High).
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I, BACKGROUND

A. INFORMATION PROCESSING

It is convenient to view man as a system component whose
primary purpose is information processing. Man receives in-
formation from his environment through various forms of phys-
ical energy such aa light, pressure, sound, heat, etc. This
environmental information is encoded by man's sense organs,
processed and stored, The sensory organs tranduce the pro-
cessed information into response or action such as postural
ad justment of the body and limbs, search and scan movement
of the eyes, production of speech, etc.

As a system component, the model of human informaticn
processing consists of four subsystems (Van Cott & Warrick,
1972): a) sensing, b) information processing, c¢) memory and
storage and, d) responding. Information processing tasks are
the mapping of a set of inputs into a set of outputs, indepen-
dent of the energy transactions t, carry it out (Sheridan &
Ferrell, 1974). The emphasis on information is not to deny
tiat energy is also involved; it is clear that energy must
always be present to transmit information. It is merely to
say that performance can be understood more completely in
terms of the processing of information than in terms of the
transformation of energy (Fitts & Posner, 1967).

Information processing tasks have been classified by

Fitts & Posner (1967) into: a) transmission of infcrmation,

3
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b) reduction of information, and ¢) elaboration of informa-

tion. Since the transmission of information is the object

2y - LA

of the present study, it is therefore appropriate to measure

performance in terms of information transmitted. Experimen=-

¥ 2L L

tal results and models in discrete information transmission

R AT

tasks referred to by Sheridan & Ferrell (1974) and Crum.ley,

IR

et al (1961) present the basic concept of man as a limited

A gk g e ia 0 2
NG S
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information channel. They postulate that finite stimuli with

equal probabilities have the maximum rate of information

transmission,
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. B, INFORMATION TRANSMISSION
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to know something about human channel capacity, that is, to

%
.y
s I

As previously mentioned, one of the products of informa- %

% tion processing is information transmission. To investigate %

E H

\ E? f; further the characteristics of transmission, it is helpful %

k¥now the maximum amount of information that a human can trans-

s hn o s e B TR et e

o gD

mit if all the variables known to influence processing are

e

kept at a level where optimal transmission can occur. Gener-

ally, transmission is best when: a) the stimulus preception

b M B S B A K AR BT U

0 Tyt eedT N 1R F A ¥ fds
g =mrey

;i and discrimination are easy, b) the response is easily execu-
;i ted, c¢) stimulus and response are compatible, and 4) the set
of possible information categories at any given time is xnown.

To test whether or not the information transmission is at

SESEIRI

optimum, it is necessary to exclude the effect from the input

sty BT

and output sides, so that the transmission is mostly attribu-

ted to the central processor., Factors affecting the information

9
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transmission include:
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1) Parrallel processing:

s B RSB SN

There is evidence of man's capability to analyze more

than one sensory input at a time (Cherry, 1976); consequently

e T TS AP

Y AT % I

e85t 2o prace oSSR L et

some fraction of total capacity must be devoted to keeping

e £ 4§55

track of the parallel operation, which means that the trans-

mission capacity is not fully used,

2) Redundancy:

£
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Redundancy or the excess of information in stimuli

could increase the discriminability of an input set (Sheridan

pakeiratases b ds

& Ferrell, 1974), and hence should result in more information

i A AN TS S,

s, et
e W e

transmitted, Crumley et al (1961) suggested, as the speed

requirement in a simple task was increased, increased redun-

dancy would decrease error and increase the amount of infor-

mation transmitted.

e e SE

3) Task dimension:

o2 NAE My IRATAT T

Task dimensionality contributes to the information

TR AN

content of a set of stimuli.,

Capacity for transmitting ine

2Lk saba YA £ AT s

formation with multidimensional stimuli was greater than a
unidimensional stimuli.s (Miller, 1956).

L)

Absolute judgement:

Absolute judgement is applied when comparing a cur-

rent observation with a remembered, internal version of the

standard., A review of the literature by Miller (1956) indi-

cated that the arount of inlormation that man could transmit

(the span of absolute judgement) was between 2.2 to 3.25 bits
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in unidimensional visual stimuli having L to 11 alternatives i %

and between 2,30 to 2.50 bits in unidimensional auditory i %
: stimuli having 5 to 7 alternatives, Total information transe ; %
k mitted for a two dimensional judgement was substantially j %
;? higher than when either stimulus dimension was judged alone ; g
;? i:‘ (Corso, 1967). : %
%g §§€ 5) Input-Output processing: %
§§ .%3 Crumley et al (1961) stated that becauss of input- ?
%i %;g output limitations, man can process information only up to f
g, ‘gg‘ a certain rate, but under information cverload conditions, ;
%é ‘%%g - he samples randomly.
i  ; . 6) Rehearsing and practice:
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Rehearsing performance and practice cculd contribute
to the increase in transmission capacity of central proces-
2 sing., The effect of practice or learning on the abilicy to

] judge unidimensional stimuli showed significant improvement

L S I T peadtien i s e SR IR

in accuracy as well as in speed (Sheridan & Ferrell, 197L).

Therefore, to measure only the capacity of central proces-

o rae o Rke

sing, information redundancy, task dimension, absolute judge-

: ment (number of alternatives), input-output processing and

practice are to be controlled, Information redundancy and

rehearsing/practice are usually controlled by excluding them

from the test condit.ons.
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C. INFORMATION
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4 53 Barly in communication theory, Weaver (1949) defined in- ;
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3 formation as a measure of one's freedom of choice when one was
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to select a message, If one was confronted with a very ele-

e

< aa

:;ﬁ . mentary situation in which he had to choose one of two alter-

native messages then the information associated with the

P
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above situation was unity. The concept of information here

Jiei £ pS s oter

+pratrts

was applied to the situation as a whole (a set of alterna=-

ki <
H
3
3

tives) not to the content of the message, i.e., its meaning,

The unit of information was the amount of freedom of choice
one had in selecting a message and was called a bit (binary :

digit). In a simple situation where a choice was made only

between several definite messages, the information source

£ e g éu.m,s 3

made a sequence of choices from some set of elementary sym=-

L @B P

: bols which then formed a message. As the symbols were §

chosen, these choices were governed by probabilities, which

oy e

were not independent but at any state of the process depend=-

ed upon the preceding choices. Weaver (1949) proposed that

if a set of n independent messages whose long run probabili-

s L e

ties are:

v T ARG

p1 ) p2 ? p3 9000 c0rey pn
then the expression for the information ccntent is:
H= - ( Pylog,Py + PologoPy + eeeesess + P logsPy )

Corso (1967) defined information as a result of acts of
communication that reduce the uncertainty in the situation

under consideration. Uncertainty is based upon lack of knoue-

- ledge about the given situation; information provides for the
?=§ reduction of uncertainty. In obtaining the measure of infore-

mation, he further suggested considering not only the outcome
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of the act that did occur, but also the complete set of out-
comes that might have occurred, The amount of information
is exactly the same as the uncertainty prior to the occur-
rence of the act. The maximum uncertainty will exist when
the two alternatives have the same probability of occurrence,

The choice between two alternatives, which on a-priori basis

i F Al v
P N e P T A R e ot
S Rn kD ¥ 1w:;-‘mmnwg:~sy S iy Ml it

*
are equally likely, makes one unit of information or bit, b

Let n be the number of equally likely alternatives, and
H be units of information. Two equally likely alternatives

convey one unit of information (one bit); it can be expressed

as:

n 2

H

n 2

, where H = 1 bit

Deriving from this relation, the sequence of the power of

2 is as follows:

20, 2, 22

3
’0000’2

(e e Wi S e

If prior knowledge in a situation reduces the set of pos-
sible outcomes to a single event, then there is no choice to

be made and no information to be transmitted, as described in

this relation:

st i AT o A A K S S
Y

1 = 27 where I = 0

Based upon two equally likely alternatives, logarithm of
base 2 can be derived and be used as a function in computing

the amount of information conveyed by the alternatives,

£
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If n=2H, then logn= H log 2,
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Applying log function of
base 2, it gives:

& Ak oo 005 Gl St v TR IR
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N H §
4 ¢ log, n = log2 2 %
i 3 '
% ‘ : = H log, 2 i
i : - e
2 . = H 3
b !
i

i
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So, the sxpression of the amount of information can be write

™

ten as:
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pretns

H= log2 n

Therefore, the amount of information in bits (H) is a

log function of the number of alternatives,

3273

Since the alter-

natives have equally likely probability of occurrence and

ety

Tagr

let Pi be the probability of ith alternative to occur then:

G
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Pi
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¥
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H

If n =1, then p; = & , and will convey information

E = log2 L = 2 bits., Therefore:
- I} alternatives convey 2 bits

- li alternatives have equal probability of
occurrence

Thus, in this situation each alternative conveys

.5 bit of
information. Applying a logarithmic funection to each alter-

native in terms of its associated probability, it is obtained:

ot AT IS e s

1
-log2 p; = -logaﬂ =

AT TR < 32

-p;logP; = - (f logyf) = =4(-2) = .5
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To generalize,
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chiorary

H==log2n=--;pilogapi s 1 =1,2,..n

H is computed here as the average of uncertainty; the expect-

e cde
ke

-

ed value of the probability of alternative Ps taking values

gt =

at discrete logarithmic probability function (p log p).
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Therefore, as previously suggested, the amount of in-

&

formation conveyed by the alternatives is defined as:

H=-) p; log, p;

e R A R KT A AR A
E A S R G S

. S P N e 4 T ¥R e
o it e U o

?
L D. INFORMATION TRANSMITTED

) In the simple case, Sheridan & Ferrell (197L) discussed

the average information transmitted through a channel for

each message sent., Assuming communication or processing of

information from a set of stimuli to a set of responses, the
amount of information transmitted can be described as the

statistical association of stimulus and response. The rela-

R
R

tion of the information processing is shown by the following

Venn diagram:

(Y1X)

FIG. 1. VENN DIAGRAM OF INFORMATION RELATION

15

TS AL 1l Wi b LE 0 ST ¢ Sy Ot

T o o S .
R B

S s e A R R e BT R et S




~v-x»~~.—,-«m§u4% .u‘ ,.x
W A g B wv*x: ElostTitenoriitrlgasanis poain

X: the set of stimuli

Y: the set of responses :

XNY: the information transmitted
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In set relation, it can be expressed as follows:
(XUY ) =(X)+ (YY) - (XNY)
(XAY )= (X )+ (Y)-(XUY)

HEence the probability expression is written as:

oy L]

]

R L i s G I S

P(XAY) =P (X)+P(Y¥Y)~-P (XUY)
Then, the expected value or the average is obtained as:

E(XNY ) =

PG e s

L".l
- - Y on
s T it Ve we £ n By p i e PR e e
St 7o AN Tor b ung Yoy S~ fra N A 2 AT e emi g e ettt V) g,

(X)+E(Y)-2(xUr)
2. £(x) plx;) + 2. £(y5) p(y;)
1 J

-ZZ- f(xi’yj) p(xi’yj)

S
where f(xi) is the logarithmic function of alternatives and

RIS S P AL T

( X Y ) is the average amount of uncertainty in the inter=

section get X Y., E (X

sl

Y ) is usually written as T ( X,¥Y ).
Therefore,

T{L,Y) ?Z:Ing -(%77 -pix) +:§;1082 5(%17 . p(yj)
J
:E:E:-logsziz;ﬁ' . P(xi.yj).
1(X )Zloc,z p‘(2'7 x;)

(the average uncertainty of stimulusg set)

Y )= Z:logz -Ti°7 p(& )

SRS AN IS TS

A it detsg b s
RO AR YO A

i (the average 1nformat.gon conveyed by the
regponse set)

:I N\, - - -l--- ix:
. a(X,Y) Z‘,§ logz p.(xi’yjy p(xi’yj)

(the information content of stimulus -
responge set)
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The above average amount of uncertainty can then be written
as: T(X,Y) = H( X ) +H( ¥ ) - H(X,Y)
The conditional uncertainty is obtained from the follow-

ing (Clark & Disney, 1970):

(X)= (x0OY)+ (xUY)
(x0T )= (x)-(xNY)
P(X) =P (XNY)+P (XNYT)
P(XOY)=P (X)~-P (X0NY)
P(X/Y) =P(X)-P (X0NY)
E(XY) =E(X)=-E(X0Y)
Since E(X/Y)=H(X) , E(X)=H(X) and E(X Y)=T(X,Y) then,
E(X/Y) =H (X ) ~7T (X,Y)
also H(¥Y/X)=H(Y) -T (X,¥)

As described by Sheridan & Ferrell (1974), in any act of
communication there might occur:
1) Equivocation: The amount of information about the stimu-
lus set X that might have been transmitted buit was not, and
it is written as H(X/Y) = E(X) - T(X,Y) ;: i.e., when several
different stimuli tend to result in a single response, Fig=-
ure 2 is an example of equivocation. The subject didn't dis-
tinguish the second stimulus as different from the first.
This results in the loss of information that would have been

contributed by the stimulus, so the transmission is only 1.5

bits instead of 2.0 bits and the equivocation is 0.5 Lits,
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Response Yj

probability

of stimulus

input information

H(X/Y) : 7 .5 bits

1 2 4

' 1} .25 .25

@

3 2.2 .25

é 3 .25 .25

[

4 .25 .25
robabilit
P Y .50 (o} .25 .25 1.00
of response
equivocation

H(X) 2.0 bits

Sngtp/ 34 o1 S >

‘i

IG. 2.

2) Noise:

which does

sions.

been presented.

as noise,

4‘&rfg{i;ansmitted

T(X,Y)1.5bi

H(Y)

[

(

noise H(Y/X): 0 bit
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Figure 3 is an example of noise,

output information

1.5 bits

TRANSMISSION WHICH HAS ONLY EQUIVOCATION

The amount of information in the response set
not correspond to information in the stimulus set,
and it is written as H(Y/X) = H(Y) - T(X,Y) ; i.e., when the
same stimulus leads to different response on diffeerent
The subject,

sented with stimulus #! responded as if stimuli #1 anad

This additional response can be considered

o ook g1 LR

.58y sl Y S, L B g g Rl o AV L AL e ‘h‘“
Lt ” s vigpver ooy

s

" i e, Uit § T & e n (30 AP IPeaE IS SN Wt f e
.,{:‘;,w.,m.q o e Tt Sttt U Sl T v

P e LT o T

P3Pt A 0 B a2 A (VG R i




AV AR AR 2 hsia

T 0

.7;( 3

3% Star N b

p e o » AL B R R AR R yi! S e

Response Y j probability
1 2 3 4 of stimulus
' 1| .25 .25 .50
2
i °
h 3 .25 .25
4 .25 .25
probability .25 .25 .25 .25 | 1.00
of response

equivocation H(X/Y): O bit

output information

IR s
H(¥) "2.0 bits

input information Lansmitted
H(X) 1.5 bits 71 T(x,¥) 1.5 bi

N noise H(Y/X): .5 bits

AR YN A o,

FIG. 3. TRANSMISSION WHICH HAS ONLY NOISE

or 3) equivocation and noise, i.e., when there is a tendency
- of a single stimulus to give rise to different responses and
a single response to result from several stimuli, Figure L

is an example of equivocation and noise,
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Rasponse Y probability
1l 2 of stimulus

.20 | .04

02 ) .18

Stixmulus X 1

3 .02 | .04

4

probability
of response

equivocation H(X/¥):1.0 bit

/

input information inf ransmitted output information

B(X) 2.07BTE Tl 1.o_fi5,,5:=?* H(Y) 2.0 bits

noise H(Y/X): 1.0 bit

FIG. L. EQUIVOCATICN & NOISE

The model proposed by Shannon & Weaver (194,9) as the
basis of a computational formula to obtain the amount of in-
formation transmitted was,

T(X,¥Y; = H(X) + H(Y) - H(X,Y)

As mentioned by Xodalen (1975), the model assumed the follou-

ing:s

1) The number of stimuli and response governing the activi-
ties under consideration was limited.

2) The number of times each response occurs to each stimulus
could be obtained,

3) The probabilities governing the events were xnown and not
changing.

Computation of information transmitted as discussed by

Corso (1967), Fitts & Posner (1967) and Warrick % Van Jctt

(1972) always has these two requirements:
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1) It is necessary to obtain a data matrix consisting

of stimulus (S) categories and response (R) categories, The

cells of the matrix contain the frequencies with which a par-

A F3A N, o OO A TR TS
e ek

ticular stimulus produces a particular response, From the

S«R data matric the following can be determined:

TP

p(jsk): the probability of the joing occurrence of

L

» R T T
e Sty D fan KNI LT o LA T B

& particular stimulus k and a response j

g 754 57N

.
Zvet s

p(J) the probability of occurrence of each

pratd Pt i

L5 4k 0 2

response j

p(k)

the probability of occurrence of each

«

e

stimalus k

A kY
A,

St

A I IR

pk(j) : the conditional probability of response j

x o £ Ay

given stimulus k
pj(k) ¢ the conditional probability of stimulus k

having occurred, given response j

Syt it 4
ey e e T

2)

No failure of performance, i.e.,, for each stimulus

there must exist a response.
Crumley et al (1961) postulated that as information
challenge (stimulus presentation rate) increased, errors
became increasingly frequent; finally leading to the break-
down of transmission which he called the confusion effect,
WVhen communication broke down, as indicated by more than
one response per stimulus or failure to respond, the condi-
tions assumed by Shannon & Weaver (19L9) could no longer be
met due to the following reasons:

1) there is more than one response per stimulus

T
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2) the subjective probabilities governing the event are %
changing. §

Thus the Stimulus - Response matrix cannot be developed. §
Therefore, another method to compute the amount of informa- ?
tion transmitted was suggested., McCormick (1976) suggested §
that human responses can be viewed as conveying information; %
indeed this was evident in instances in which the outputs ?
were intended to correspond with input stimuli, The effi- é
ciency with which man cen transmit information through his é
responses depends upon the type of information input and ;

the type of responses required.

McCormick's approach was utilized by Alluisi, Muller &

R R SRS

é Fitts (1957), who found that the maximum information proces=-
f sing rate for verbal responses was higher than the motor é
s . . a s 3
i (key - pressing) responses, 7.9 bits per second and 2,3 bits i
3 3
i i 4
i per second respectively. The amount of information trans- *
mitted in verbal and motor responses of a forced - paced %
serial task was a function of the number of alternative stim=- ;
&
uli, the rate of stimulus presentation and the joint effect %
of number of alternatives and the rate of stimulus presenta- 3
F
tion (the rate of information presentation). Therefore, if i
the number of alternative stimuli is kept constant, the §
amount of information transmitted will vary according to the j
rate of stimulus presentation. 3
Cunming & Croft (1973) conducted an experiment on th H
¢ i
. . . . s . H i
rate of human information transmission in which four subjects i A
{
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performed a key-pressing task in response to random digits

5

presented binaurally via earphones., The digit presentation

rate was gradually increased from a low rate to a higher

S 3

A

ot
e L e

o8 o xRN

rate and then decreased again to form a symmetric cycle,

The results showed that the relationship between performance

7 gt

and demand depended upon the time history of demand, Speci-

S e e

fically they found:

1) that as demand increased, performance rose to a

;
#
K
<8
b
)
€
#
5%
3
2

level, beyond which overload occurred and perfor- %
mance deteriorated, N
2) as demand decreased, the peak achieved under in-
creasing demand was not reached again; instead per= i%
formance remained constant until considerable reduc- §%
tionu in demand had occurred, as shown in Figure 5. i
23
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E. PURFOSE OF THIS EXPERIMENT

The purpose of present study was to investigate human
information processing, using the model of Cumming & Croft
(1973). Wrile Cumming & Croft (1973) used only a low to
high to low presentation rate with auditory stimuli, this
experiment will use visual stimuli presented under two dif=-
ferent stimulus presentation conditions: Condition #1 the
rate of presentation varied from low to high to low and Con-
dition #2 the rate of presentation varied from high to low
to high.

It was hypothesized, based on Cumming & Croft (1973),
that 1) peak of performance in information transmission
achieved for increasing presentation rates would be higher
than that achieved for decreasing presentation rates; 2)
the general shape of the curve would remain the same under
both conditions,

in order to test the hypotheses, the RATER (Response
Analysis Tester) was employed to assess subject'!s informa=-
tion processing c«r2bility, The RATER has been used in ex-
periments by the U. S, NAVY to compare adjectival and non-
adjectival rating scale (Helm, 197L) and by NASA (National
Aeronautic and Space Administration) to study performance
in a revolving space system simulator (Newsom, Brady &

0'Laughlin, 1966).
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II. METHOD

A, STIMULI
There were four geometric symbols used as stimuii, viz,
circle (QO), cross (<), triangle () and diamond (<>).

The stimuli were presented randomly,

B. APPARATUS

The RATER (Response Analysis Tester) Model 3, built by

: General Dynamic Convair Division, is designed to provide

RS R R

sensitive, reliable measurement of response speed, accuracy

ik wte

R AN

and short term memory. The device shown in Figure 6 consists

X

of an experimenter console and subject response unit,

%

The experimenter console shown on the right contains

PS80 G

counters and switches. The three counters record the number

of presentations, the number of total responses and the nume

AR A

ber of correct responses. The switches control the follow-
ing functions:

l. Power: on/off

!
¥
£
S
fry &
¢
i
T
¢

2. Self pace/Auto pace

Self pace: subject control his own response rate
Auto pace: experimenter ccntrols the presentation
rate
3. Ready/test on
Ready: ready for experiment

Test on: test in progress

26
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L. Test Off

S. Total Test Time (in minutes) g

Total test duration (in minutes) from 1 to \§

s

infinity. g

6. Presentation rate (second per symbol) §§

The rate is from 2 seconds per symbol to .5 %%

second per symbol, ?

7. Delay mode (number of symbols) .

The number of symbols (0,1.2.3.L,) the subject

is required to delay his response after the

symbol is presented.

SR

1

L 8. Response pattern %
S 5{
9 cqs o
é‘ The relative position of correct response can BL.
é be varied through 12 different positions, i
. A
The subject response unit shown on the left contains a §

£

i
display window and four response buctons, A card (see Fig, fr

: -

6) indicating the correct response pattern was placed on the :

e

response button panel so as to maximize the ease of the task,
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C. SUBJZCTS
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Twenty~three students of the U, S, Naval Postgraduate

RN

3School participated in this experiment.

Subjects ranged in

; ":‘_f:w, X

age from 28 years to 39 years with no lmown mental or physical
disorders., All subjects showed alertness and eagerness to par-
ticipate in the experiments, 3ubjects were not paid and par-

ticipation was strictly voluntary,
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D, DESIGN

N Ty hedar

oy

Performance on the RATER was selected as a measure of 1

Yy PR B ot

g’; ' performance in information transmission tasks, It was

assumed that:

95 ad A O b PEEE , weh 1N Dot

1) Subject's responses were completely determined by

R N U AR TN Loyt

o %4713
el

presentation rate and total task duration.

2) The occurrences of successive stimuli did not alter g

ey 3oy i D113 IOASLATACE

! the subject's knowledge of the statistical proper-
§% ties of the stimulus set as a whole,

i

Eg 3) 3Subject's average uncertainty per stimulus presen-

tation remains constant throughout each presenta-
tion rate.

ly) Subjects were familiar with the task.

The experimental design meets the above assumpticns by:

% 1) presenting the stimuli randomly,

% 2) informing the subjects of the probability of the

1

% stimulus occurrence, stimulus categories and/or

response categories,
3) providing preliminary practice on a series of simi-
i’ ' 2 lar patterns and presentation rates which will serve
gf 3 as a baseline for measurement. {
: : L) allowing the subject to make only one response to f
5,
%ﬁ i each stimulus, g;
g{ 2 The basic task of the RATER consists of four Stimulus- i
£ E) :
' , ;' Response alternatives, requiring 3=3.329%xlog L = 2,0 bits of i ;
% 4 : information for successfull completion., In the auto-paced é i
{
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condition, although each task still has a constant infor-

mation of 2,0 bits, the difficulty of the task can be varied

by increasiag the presentation rate (Long & Fishburne, 1973). S

The independent veriables were; 1) the rate of stimulus pre-

gentation and; 2) task duration. The dependent variable was

ke v iy

the number of correct responses.
There were two presentation rate conditions., Condition

#1 consisted of presentation rates started from the lowest

presentation rate (2 seconds ner symbol) to the highest (0.5
second per symbol) then back to the lowest presentatiocn rate,

Condition #2 consisted of a set of presentation rates started

from the highest (0.5 second per symbol) to thz lowest (2

seconds per symbol) then back to the highest presentation

rate., Only one condition was assigned to each subject. The
assignment of each condition was determined by the toss of a B

coin, Whenever the coin showed heads conditicn #1 was assigne bl

PR L Lt o

ed; otherwise condition #2 was assigned. :

5. PROCEDURE

Prior to the experiment, a pilot study was conducted to

validate the instructions, determine the feasibility of the

experiment and ensure that all the equipment worked properly.

egrter rei f e
ARG et T At QL B

It also enabled the experimenter to master the routine of the

experiment,

DI REI sTe
x -

The experiment was conducted at the Man Machine System
Design Laboratory of the Naval Postgraduate School, in an

environmental chamber, where outside noise and incidental
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f‘ﬂ'ﬁ‘z’&« P UTTES AR D RS et o
o xR v

L



Kn,

L

s s et £ e
DAL 2 A TR WIS,
i

.

-
RSV
Lot

-du EELECI,
I LT
I

w2

. N
S e R R

s SR

T O IR

Sy
o

RPLy e

A
TRy
¢ i mar S

lighting that might disturb were controlled. Subjects were

briefed on the equipment to be employed and a brief explana-

tion of what was meant by information processing was given
(see Appendix A).

Each subject was given one minute of practice with a
presentation rate of 1 second/symbol, followed by a break
period, During the break, any questions the subject had
regarding the task he was to perform were addressed and the
rate of stimulus presentation was changed. The subject
then performed the task diring one minute of practice with
another presentation vate of .75 second/symbol. Task con-
figuration of the practice session was as follows:

1, Manual start and auvtomatic stop of test session,

2. Length of practice session: 2 minutes

3. Type of stimulus presented at display on subject's

console: cross (=), circle (O ), triangle (A),
diamond (< ).

L. Pace of trials: auto=paced; constant rate of stimu-

lus presentation maintained.

S. Rate of stimulus presentation: a) 1.0 second/symbol

b) .75 second/symbol

6., Delay: O; subject was to respond to the current stim-

ulus at the display,

7. Stimulus-response button relationship: as siown in

Figure 6,
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The practice session was followed by a rest period. A

{3
'§~ coin was flipped to determine the condition to be assigned. f i
%g; { The test session began after setting up the equipment ac- %g
%_ x} cording to the condition assigned. ég
%g 1i§ There were two test sessions. Each test session con- %%
i% 'g( sisted of 9 one minute trials and 8 fifteen second rest “

o periods for a total of eleven minutes. The rest period be=

L s penascis s B
frapt s e s T,
%
5
y oo Byt Tl
T

& tween sessions was about 5 minutes, during which the subject :

4
i, g was allowed to leave the chamber., The task configuration of é:
g ”? the test session was as follows: H
??ﬁ _gé 1. Manual start and automatic stop of test session.
§  ~§ 2. Length of test session: 11 minutes
{ g ::l

Total test time: 9 minutes

Total rest period: 2 minutes

Type of stimulus presented at display on subject's
console: cross (<F), circle (), triangle (A),
diamond (<>).

Pace of trials: auto-paced; constant rate of stim-

ulus presentation.

Rate of stimulus presentation:

Condition #1 (low high low)
Condition #2 (high low high)

LOW-high-lOW (seCQ/smbol): 2’ 1.5, l, 075, 05, 075’
l’ 1.5, 2.

3
&
3 .
-
i
p2-
B

digh-low-high (sec./symbol): .5, .75, 1, 1.5, 2, 1.5,
1, .75, .5.
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6. Delay: O; subject was to respond to the current

stimulus in the display. é%

7. Stimulus-response button relationship: As shown in .
Figure 6, §

§

F. REDUCTION OF DATA

At the conclusion of the experiment, there were 23 data

sheets. Each sheet contained two sets of data from the ‘i

% gé practice session and eighteen sets of data from the test g
3?1 ‘%é sessions. The data recorded were the total presentation %
A | (TP), total responses (TR) and the correct responses (CR). %
The data obtained in the test sessions were analyzed %

and screened by the following procedures: g

a) PFailure to comply with instructions: :

One participant failed to comply with the instruc-

tions during the test session. Therefore, his data were

1

discarded. i
b) Mechanical difficulty: éé

Two data sheets showed mechanical difficulties in %%

which it was found that the TR (total response) was less %

than the CR (correct response), These data were a_so dis-

carded.

¢) Commission error:

 prend i g
R P S X e

The TR (total response) that exceeded the TP (total

presentation) was considered as commission error (Long &

L1 AT T

Fishburne, 1973). The commission error was then subtracted

& g S SIS B A T P, t s

from the CR (correct response).
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d) Average of correct responses:

b % PRI e N
e e R
M e

The number of correct responses in each presentation 3

rate were averaged and reduced to 9 values per subject (see %é

Appendix B). §

G. ANALYSIS OF DATA %E

Values for subject's correct response were transformed %%

into information transmission rates., For example, the cor- §

4 3 rect response cbtained in one minute duration of a particu- “
E% g;‘ lar presentation rate is L0, then the transmission rate is
g g; 40/60 = .75 symbol/second. Since one symbol as a response

PR

conveys 2 bits, then .75 symbol/second conveys 1.50 bits/
second,

GO AT

The transformation of presentation is shown on

7
8
k2
It -
24
it
%
3
b
3
3
K
g
i

Table 1.

TABLE 1:

S, WIPPL R

TRANSFORMATION OF PRESENTATION RATES

i S ri B g st et

4
seconu, symbol symbol/second bit/second g-

e

.50 2,00 14.00 ;?

.75 1.33 2.67 3

1,00 1.00 2,00 %

1.50 .66 1.33 %%

2,00 .50 1.00 %%

) Tables 2a and 2b contain the transformation of the average 4
correct responses., The average transmission rates were also ; i;
plotted against the presentation rates, % %2
i
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Statistical analysis of data was as follows:
1) In order to determine the effect of different pre-

sentation rates, separate Friedman Two Way Analysis of

L g AL S oA 8

Variance by Ranks was applied to data obtained under the

Low High Low and High Low High conditions,

2) It had been hypothesized that the peak of the in=-
creasing rates would be higher than that of decreasing rates,
Therefore, the Wilcoxon Matched Pairs Signed Ranks Test was
applied to the average values of the increasing rates and
decreasing rates under Low High Low condition, The increas-
ing rates were from 2 sec,/symbol to .5 sec,/symbol and the
decreasing rates were from .5 sec./symbol to 2 sec./symbol,
The turning point was .5 sec./symbol (2,00 bit/sec.) and was

not considered point of the ascending or descending sequence.

The test was also applied to data obtained under High Low High
conditions with the decreasing rates from .5 sec./symbol to

2 sec,/symbol to .5 sec./symbol. The turning point was 2

sec./symbol (1 bit/sec.) and was not considered voint of the

ascending or descending sequence.,

3) To determine if the data obtained under Low High Low

and High Low High conditions were from the same population,

the median test was selected,

III. 2RESULTS

O

Sy S

The analysis of data showed the following results:

1) PFigures 7 and 8 are graphs of transmission rates pre-

2 MRl 35

i

sented against the presentation rates.
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2) The Friedman Two Way Analysis of Variance by Ranks
a) Data under Low High Low condition

H ¢ Different presentation rates have no differ-
ential effect

Hl: Different presentation rates have differen-
tial effect

Significant level: .10

Sampling distribution (see Table 3) is approxi-

mately chi square with degrees of freedom k-l.

i x
- 12 2 .
KXV ety [/ (Rg)7 - 3 v

T

Where N = 11, k = 9
2

xfﬁﬁ%‘)‘(ﬁ? 1;00+2862, 25+8372.25+61480. 25+,8, H1096
X +7140,25+2862,25+625  =3(11)(10)=73.506
/;>§~ = 73,906 (df=8) has the probability under A, less than
' .001 (p .001)
Decisian: 3Reject Ho s in favor of I

The conclusicn is that the scores were dependent on

presentation rates.
b) Data under High Low High condition
H : Different presentation rates have no differen-

o)
tial effect

s o]

Different presentation rates have differential
effect

Significant level: .10
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RANKED PERFORMANCE OF ELLEVFLN SUBJECTS

TABLE 3:

UNDER THE LOW HIGH I.OW CONDITION

NTATTON (SECOND/SYMECL)

I3
A—to

RATE OF PRES:

SUBJECT
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1.0
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Sampling distribution (see Table 4) is approxi-

mately chi square with degrees of freedom k-1,

FRPQITRTS

Ty

H
3
W
ki
7
&

n
33

z ‘s_
X: F‘x’(‘%ﬂ > (RJ),2 - 3 N(kH)
b £
Where N = 9, k = 9
<
./\/I an
/L" = 37-;-#-‘@-51 342,25+2916+44189+1761+210,25+2025+5256,25
H21,9.25+625 - 3(9)(10) = 55,15
.,...yz

I 55.15 with df = 8 has prebability under H ) of less
/M

TS AT IR

than .001 (p .001)
Decision: ZReject Ho’ in favor of Hl

The conclusion is that the scores were depsndent on

presentation rates,

P S R L A S .::
e G A R ST e TR A

3) The Wilcoxon Matched Pairs Signed Rank Test:

it .’5,.,

a) Data under Low High Low condition
H_: The average transmission both in the increas-
ing and the decreasing rates are the same,
le The average transmission in ihe increasing

rates is higher than that in the decreasing

rates,

Significant level: .10

Test statistic: T =2, N = 9 (see Table 5)

The value of T was so small that HO can be rejected

at level of significant ,025.
Decision: 3Reject Ho in favor of Hl
The conclusion is that the transmission in the increas-

ing rates is higher than that in the decreasing rates.
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UNDER THE HIGH LOW HIGH CONDITION
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5
2
1
1
3
2
2
8 1.5
9 1
Ry 18.5 Sk
DN S e e SO U DR R S

&%

&

Bkt

bt Fm £

BN
e
wf o u pronIran



SRR

e o A <. TR RIHATE R e s

e A RN e P

PN R 1y
PRSI A

TABLE 5

THE AVERAGE TRANSMISSION

UNDER INCREASING «ND DZCRZASING RATES

PAIR

INCREASING DECREASING

RATES

RATES

RANX OF
d

RANK OF LESS
FREQUENT SIGN

\n £ w N

N

11

1.4523
1.4625
1.3416
1.5750
1.6125
1.5083
1.5125
1.4583
1.3250
1.5458
1.3541

1.4250
1.212)
1.3125
1.5750
1.5583
1.5083
1.4583
1.4458
1.2750
1.4958
1.3708

.0273
.2501
.0291
.0
.0842
.0
052
.0125
.050
.0500
~.0167

3

Ui vl

b.)

Data under High Low

-
-
ey

igh conditicn

o} The average transmission is the same in both

increasing rates and decreasing rates

1% The average transmission in the increasing rates

is higher than that in the decreasing rates

Significant level:

Test statistic:

The value of T was so small that

.10

at level of sigrnificant .025.
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g, cau be rejected

T =1}, N=9 (See Table 35)
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Decision: Reject Ho in favor of Hl. i

Conclusion is that the average transmission in the ;

increasing rates is higher than that in the decreasing rates. ?

TABLE 6 %

THE AVERAGE TRANSMISSION %

UNDER DECREASING AND INCREASING RATES ;

DECREASING INCREASING RANK OF RANX OF LESS ,§

PAIR RATES RATES d d FREQUENT SIGN ?i

1 1.2833 1,212,  -.0709 -4 L '§

2 1.5667 1.5958  .0291 1 |

3 1.4801 1.5541 .1000 6 g

L 1.3791 1.4916  .1125 8 j

5 1.14666 1.5458 .0792 5 %

6 1.5166 1.6208 1042 7 %

7 1.5333  1.5833  .0500 3 é

% 8 1.2749 14499 .1750 9 f
“ 9  1.5543 1.5958  .0375 2 7=

PIRRLY 553 LS AR SN b
% T

L) Median Test

.

Ho: The Low High Low and High Low Jigh groups are

from a population with the same median (see

Tables 7a % 7b).

Hl: The median of one population is different tnan ¢

that of the other,

B S

Significant level: .10
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TABLE 7a: ELEVEN MEDIANS TABLE 7b: NINE MEDIANS
IN INFORMATION TRANSMISSION IN INFORMATION TRANSMISSION
UNDER LOW HIGH LOW CONDITICN UNDER HIGH LOW HIGH CONDITION

PRk Yoty e baAb MY LA SR AT S

AW

e

SUBJECT MEDIAN SUBJECT MEDIAN

1 1,3166
1,3000
1,3000

1.1166
1.3333
1.3333
1.3333

1.3333
1.3166
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Test statistic: Consider two cases

B
i
B
B
i
i
>D

‘Case #1 (see Table 7¢); A +B =11, ¢ + D = 9 and

Sy AR i e an e

C = 2., The value of C was greater than the value

30 maraty ¢ T

at the level of significance ,10 (where C

0) that
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Ho cannot be rejected,
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Decision: Cannot reject HO
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‘Case #2 (see Table 7d); A + B =11, C + D

9 and
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C = L. The value of C was greater than the value
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g at the level of significance .10 (where C = 2).
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Decision: Cannot reject HO

The conclusion is that the samples under both con-
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ditions were from the population with the same median.,
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TABLE Tec TABLE 74

less than greater than less than

greater than
or egual to or equal to

median median median " median
A B A B

LHL 5 6 8 3
c D o D

HLH 2 7 4y S

IV, DISCUSSION AND CONCLUSION

Based upon the statistical analysis and the graphical
representation of data, it was concluded that rate of in-
formation transmission depended upon the rate of informa-
tion presentation., Thus, the data supported the hypotheses
of the present study, namely:

1) The peak of performance in information transmission
achieved for increasing rates was higher than that achieved
for decreasing rates and,

2) The general shape of the curve remained the same
under both conditions of Low High Low presentation rates
and of High Low High presentation rates.

Cumming & Croft (1973), using auditory stimuli under
Low High Low presentation rates, found the curve of perfor=-
mance in information transmission as shown in Figure 9. The
general shape of the curve is similar with those obtained in

this experiment., Specifically, performance under increasing
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rates exceeded performance under de reasing rates (3ee Fig-
ures 10 and 11).

This experiment has demonstrated that the information
transmission rate is a function of the information presenta-
tion rate. The relationship between performance in informa-
tion transmission and demand expressed in the rate of infor-
mation presentation is described as follows:

1) As demand increased, performance increased until the
maximum level was reached, beyond which performance deterior-
ated.

2) As demand decreased, lower »erformance was observed
and the peak of performance under the increasing rates was
not reached.

3) Regardless of the ssries of demand (either from low
to high to low or from high to low to high) the peak of per-
formance under increasing demand is higher than that achieved
under decreasing demand.

In the increasing demand case, it can be postulated that
performance decrement after reaching the peak was due to in-
formation overload (arrival of more information that could
be processed). In the decreasing demand, the optimum level
of performance wag lower due to the subject's expectancy set

that the task will beccme easier,
The information analysis of this experiment clearly offers
better understanding in human information processing, such as

in the performance of military duty where man is viewed as

processor of information.
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{ It appears from this study that the increasing demand . i
: é% ‘ stimulated the operator's expectation which resulted in §
%éA better performance, whilst the decreasing demand gave the %
% = operator low expectancy and resulted in lower performance, %
%§~ ;; In the air defense situa#ion, aircraft tracks are moni- %g
%i éj: tored by an observer who assigns an appropriate weapon to z§
% ' ﬁ%jé attack the enemy. Vhen large numbers of the same type of %

threat aircrafts were observed, it «as likely that the ob-
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server's performance would reach thLs optimum followed by

. performance decrement (monitoring randomly). At this stage,

O

g; the optimal strategy would be the grouping of targets which ;
B i
% 'i would increase the level of performance. In the case of the §
iH 3 A
E% ? smaller number of aircraft, selective monitoring will im- ?
2% .g prove performance, i
%i :E : It is felt that the present information analysis will con- ?
b ;

e,

tribute to better understanding of man as an information pro=-
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cessor in both military and civilian organizations (such as
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APPENDIX A
INSTRUCTIONS T2 THE SUBJECTS

AR Sakntemrrki

A

The rater is a test of your information processing.

bt oW by p e 2Tt s 8 e SR

(e 2RI
e

Four different symbols, viz, cross, circle, triangle and

>

24t 2

diamond will appear automatically in a continuous random

s

series in the viewing window. Each of the four resronse
buttons below the viewing window corresponds to one of the
fouyr symbols. Your task is to respond to each symbol as it
appears in the viewing window by pressing the corresponding
correct button, )

After a symbol is presented, you are to press the appro=-
priate button, 1If you fail to respond within the time avail-
able a new symbol will be presented. The number of correct
responses, incorrect responses and failure to respond will
be recorded.

Try to respond rapidly, but as accurate as you can,

Press only one button at a time, and give only one respcnse

to each symbol presented., If you press any two buttons simule

s 1

taneously or give more than one response to any symbol, an

48
t
%

error will be recorded., You will receive two practice trials

o o e Yt

AR ATt 5
ST wy;w"im;:v:ww%t

to help you learn the correct button,

Iy

Remember that although the sequence of the symbols is

completely random, runs of the same symbols may occur., Do

not try to anticipate which symbol will appear next.

RIS TR,

Place the thumb and forefinger of each hand on ths re=-
sponse buttons, Maintain this position throughout each trial,

We will begin with the practice trials.

TR AT
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Watch for the ready light, A trial begins three seconds

latsr when the test light comes on. Begin responding when

f ity

the tirst symobol appears and continue to respond until the

L S el Ade Yy
kg

e

R
i ericrpeiid

test light goes off indicating the end of each trial. You

will be given two practice trials consisting of 140 presen-

%

2PN

PR

tations, Do you have any questions?

is completed,

éé f; (After the practice session was finished)

éé %g Now that you have learned the correct button for zach
gz ?; symbol, be ready whenever the test light comes on anda begin
j% ‘~£1 to respond to each symbol presented until the test light

i? f? goes off, You will be informed when the first test series
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APPENDIX Bl
SUMMARY OF X VALUZ UNDER LOW HIGH LOW CONDITION
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SUBJECT PRESENTATION RATE (SECOND/SYMBOL)
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30 39 545 52 23 29 L47.5 40 29.5
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28,5 39 56  65.5 30,5 6L 57 38.5 29.%
29.5 Lo 58,5 65.5 35 59 58 Lo 30
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SUMMARY OF X VALUE UNDER HIGH LOW HIGH CONDITION

PRESENTATION RATE (SECOND/SYMBOL)
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33.5 33 8.5 39
31.5 61 56 39.5
27.5 U4B.5 58,5 40
21,5 48 56 40
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30 32 52 39
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